Abstract. Linear codes with few weights have applications in authentication codes, secrete sharing schemes, association schemes, consumer electronics and data storage system. In this paper, several classes of linear codes with two or three weights are obtained from some functions with low Walsh spectrum in odd characteristic. Numerical results show that some of the linear codes obtained are optimal or almost optimal in the sense that they meet certain bounds on linear codes.
Introduction
Let p be a prime and q = p m for some positive integer m. Let F q denote the finite field with q elements and F * q = F q \ {0}. An [n, κ, d] linear code C is a κ-dimension linear subspace of F n p with minimum nonzero Hamming weight d. Let A i be the number of codewords with the Hamming weight i in the code C of length n. The weight enumerator of C is defined by 1 + A 1 z + A 2 z 2 + · · · + A n z n .
The sequence (1, A 1 , A 2 , · · · , A n ) is called the weight distribution of the code C. It is well known that the error correcting capabilities of a linear code depend on the minimum weight of the code. If more is known about the weight distribution of a code we can provide information about the error probability of error detection and correction with respect to some error detection and error correction algorithms. In general, it is difficult to determine the weight distribution of a given linear code C.
A linear code C is called a t-weight code if the number of nonzero A i in the sequence (1, Linear codes with a few weights have applications have applications in secret sharing [1, 5, 35] , authentication codes [14] , association schemes [2] , and strongly regular graphs [3] . Some interesting two-weight and three-weight codes can be found in [10, 13, 18, 19, 22, 29, 36] and [39] .
Let k be a divisor of m. The trace map from F p m onto its subfield F p k is defined as Tr 
Walsh transform is a basic tool to investigate the properties of cryptography functions. The functions with low Walsh spectrum have received a lot of attention in the literature on cryptography, coding theory, communication, sequence design and graph theory. A function f from
for any a ∈ F p m , where the function f * (x) is called the dual of f (x). A bent function f (x) is called weakly regular if there is a complex µ with unit magnitude such that
2 } for all a ∈ F p m , then we call f l-plateaued. Plateaued functions were introduced by Zheng and Zhang as good candidates for designing cryptographic functions since they possess desirable various cryptographic characteristics [37] . It should be noted that binary l-plateaued functions exist only when m and l have the same parity. For l ∈ {0, 1, 2}, l-plateaued functions have been actively studied and have attractive much attention due to their cryptographic, algebraic, and combinatorial properties. The case l = 0 corresponds to bent functions by definition. For 1-plateaued functions the term near-bent function is common (see [8] ), binary 1-plateaued and 2-plateaued functions are referred to as semi-bent functions in [30] . For more details on bent and l-plateaued functions, see [4, 6, 7, 9, 24, 26, 27, 31] and [38] .
For a subset
and call D the defining set of this code C D .
This construction technique can generate many classes of known codes with a few weights by selecting the suitable defining set D [14, 15, 16, 23] and [33] . In [17] , a different method of constructing linear codes using specific classes of 2-designs was studied, and linear codes with a few weights were constructed from almost difference sets, difference sets, and a type of 2-designs associated to semi-bent functions. In [20] , a class of binary three-weight linear codes was constructed by using the Weil sum x∈F 2 m (−1)
Recently, several classes of p-ary linear codes with two or three weights have been obtained from some p-ary bent functions in [21, 32] and [40] .
Based on the above mentioned work, this paper makes further endeavors to construct two or three-weight linear codes by selecting the defining set D ⊆ F q . First, a class of ternary linear codes with two weights is constructed from the preimage of a class of ternary monomials with four-valued Walsh transform. Second, two class of ternary three-weight linear codes are obtained from a class of quadratic ternary near-bent and 2-plateaued functions. Moreover, the weight distributions of these ternary linear codes are completely determined. Numerical results show that the proposed class contains some optimal or almost optimal linear codes. Third, by analyzing the values of some Weil sum, a class of p-ary three-weight linear codes is constructed.
The organization of this paper is as follows. In Section 2, a class of ternary two-weight linear codes and two classes of ternary three-weight linear codes are provided. In Section 3, a class of p-ary three-weight linear codes are obtained by using some Weil sum. Conclusions are finally drawn in Section 4 .
2. Ternary linear codes with two or three weights from some ternary functions with low Walsh spectrum
In [32] and [40] , the authors provided several classes of p-ary linear codes with two or three weights from bent functions over the finite field F p , where p is an odd prime. In this section, we construct several classes of ternary linear codes with two or three weights from some ternary functions with low Walsh spectrum.
Let f (x) be a ternary function from F 3 m to F 3 with f (−x) = f (x) and f (0) = 0. In this section, the defining set D b of the ternary code C D b is given by
where b ∈ F 3 . Denote n b = |D b |. Clearly, the length n of the code C D b is equal to n b . We compute
Note that the Hamming weight wt(c a ) of c a is n b − N a , where
where the third identity holds because f (−x) = f (x).
In general, it is difficult to determine the Walsh coefficients of a ternary function. When the ternary function f is selected properly, the code C D b may have only a few weights and have good parameters. We shall demonstrate this in the remainder of this section. for λ ∈ F * 3 m and determined the value distribution of the Walsh transform of f (x) in terms of the Gauss periods. In this subsection, we shall present a class ternary linear codes with two weights whose the defining set is the preimage
First we recall some results obtained in [28, Theorems 3.3 (1) and 3.4 (1)]. 
4 . It is easy to determine the weight distribution of Table 1 by using the value distribution of the Walsh transform of f (x) = Tr(λx
). Since wt(c a ) > 0 for each a ∈ F * 3 m , the dimension of this code is m.
(ii) Since the case for b = 2 can be similarly proved as the case for b = 1, hereafter we only give the proof for b = 1. Note that χ f (0) =
4 . When b = 1, it follows from (2.1) that the length n of the code C D1 is given by
By Lemma 2.1 (i) and (2.3), for any a ∈ F * 3 m , we have
Hence, it follows from (2.5) and (2.6) that
Applying the value distribution of the Walsh transform of f (x) = Tr(λx
) in Lemma 2.1 (i) gives the desired weight distribution. It is easily seen that the dimension of the code is m, as wt(c a ) > 0 for each a ∈ F * 3 m . This completes the proof.
The following theorem deals with the case for odd k. Its proof is similar to that of Theorem 2.2 and is omitted. 
Two classes of ternary linear codes C D0 with three weights can be presented in the following two theorems. 
if Tr( 
if Tr(
It then follows from (2.3) with b = 0 that
Hence, the Hamming weight wt(c a ) of c a satisfies
This implies that the code C D0 has three weights in the set above. If m ≡ 2 (mod 4), then i m+1 = −i. Similar as the proof above, we obtain
for any a ∈ F * (ii) The proof of (ii) is similar to that of (i) and is omitted. Table 7 . Table 6 . The weight distribution of the codes of Theorem 2.10(i) Table 7 . The weight distribution of the codes of Theorem 2.10(ii)
Proof. We just omit the proof here since it is similar to that of Theorem 2.7.
Remark 2.11. It should be noted that if λ is a nonsquare in F * 3 4 , the first conclusion in Theorem 2.10 is also true when m = 4. , m] three-weight ternary code with the weight distribution in Table 8 .
, m] three-weight ternary code with the weight distribution in Table 9 , where ε = 1 if m ≡ 1 (mod 4) and ε = −1 if m ≡ 3 (mod 4). 2 and the code CD in Corollary 2.14 (i) has parameters [13, 4, 6] and weight enumerator 1 + 12z 6 + 62z 9 + 6z 12 . This code is almost optimal as the optimal ternary code has parameters [13, 4, 7] . , m] three-weight ternary code with the weight distribution in Table 11 . [22, 4, 9] and weight enumerator 1 + 4z 9 + 72z 15 + 4z 18 , while the optimal ternary code has parameters [22, 4, 11] . 18 + 224z 27 + 6z 36 .
A class of p-ary three-weight linear codes
Let m and h be positive integers.
Based on the fact that a quadratic p-ary bent function has full rank, Zhou et al.
[40, Section III.B] have obtained a class of linear codes with two or three weights by using Gold class of bent functions. In this subsection, following the work of [40] , we shall employ Gold class of plateaued functions whose rank is less than m to construct p-ary linear codes with three weights. Before dong this, we first recall several lemmas about the following Weil sum.
Let m and h be positive integers. Denote d = gcd(h, m). For λ, a ∈ F p m , we denote by S h (λ, a) the Weil sum given by
where
is the complex primitive p-th root of unity. 
In [11, 12] , Coulter obtained explicit evaluations of the exponential sum (3.1), which are described in the following lemmas.
For a = 0, the evaluation of the exponential sum (3.1) is given as follows. Solving the above linear equations yields the desired weight distribution. 2500 + 15000z 2900 + 480z 3000 .
Conclusion
In this paper, several classes of linear codes with two or three weights are constructed from some functions with low Walsh spectrum in odd characteristic, which contain some optimal or almost optimal linear codes with parameters meeting certain bound on linear codes. The weight distributions of the these codes of this paper are determined by analyzing Walsh spectrum of some functions. Compared with other linear codes with two or three weights , the parameters of the linear codes with two or three weights of this paper are different from those obtained from bent functions in [17, 21, 32] and [40] . As applications, the two-weight codes in this paper can be used in strongly regular graphs with the method in [3] , and some of the three-weight codes in this paper can be employed to construct secret sharing schemes with interesting access structures and association schemes introduced in [2] .
